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§6. Energy and Spatial Resolved 
Measurement of Soft X-ray Emission with 
Photon Counting X-ray CCO Camera in 
CHS 
Liang, Y. (Grad. Univ. for Advanced Studies), Ida, K., 
Kado, S., Nomura, 1., Minami, T. 
Two-dimensional profiles (32x16 spatial channels) of 
energy spectra of x-ray emission are measured with the energy 
resolution of 0.16ke V using the photon counting soft X-ray 
CCO camera by optimizing the intensity of x-ray with 
attenuation by Be filter in Compact Helical System (CHS). The 
energy spectra measured with CCO camera agree with that 
estimated from electron temperature and density measured with 
YAG Thomson scattering [I] . 
The soft x-ray CCO camera used in this diagnostic is 
Princeton Instruments SX-TFlCCO-I024SB with TEK 
1024xl0240 frame transfer back illumination CCO detector. 
Since half of the pixel is devoted to storage area, the imaging 
area has 1024 x512 pixels. An amount of charge in each pixel of 
CCO created by the individual x-ray photon is proportional to 
the energy of x-ray. Therefore, the x-ray energy spectra can be 
obtained by counting the number of photons at given intensity 
(photon counting mode). The x-ray energy calibration of the 
CCO camera was done using Fe K-a line (6.4keV) and Fe K-~ 
line (7.06keV) from Fe target x-ray source with the integration 
time of lOs. The slop of the calibration line is 3.22 ± 
O.04eV/electron (16.5 ±0.2eV/ADC-count). The Fe K-a line is 
fitted by Gaussian plus linear and the full width of half 
maximum (FWHM) is 209 ± 3e V at 6.4ke V. The measured 
impurity emissions of Ti, Cr and Fe K-a radiated from CHS 
plasma show good agreement with the result of energy 
calibration. 
The imaging area of the CCO detector is divided to 512 
zones (32x16), which gives the two dimensional spatial 
channels. One energy spectrum corresponding to one spatial 
channel is derived by counting the number of photons in one 
zone (32x32 pixels). Figure 1 shows the two-dimensional 
(32x 16) profiles of plasma electron temperature derived from 
energy spectra in 32x 16 zones. The contour of soft x-ray 
imaging data measured with CCO camera for the similar 
discharge is overlapped to the 2-D electron temperature profiles. 
Since, the x-ray emission of the plasma with different 
temperature is integrated along the line of sight, there is always 
integration effect. It is larger especially inner side of the plasma 
R<92cm because the line of sight passes the whole plasma, 
even at the chord corresponding to the edge. There is a good 
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agreement of energy spectrum between measurement with 
CCO camera and calculation from YAG data during the plasma 
heated by ECH(60-IOOms) and NBI(40-160ms) as shown in 
Fig. 2 (a)-(c). The integration effect in time is relatively small 
because x-ray emission during NBI+ECH phase is much 
stronger than that during NBI phase. The electron temperature 
determined from the slope of spectra in 2- 8ke V measured with 
CCO camera shows differences with that measured with YAG 
Thomson scattering at ECH+NBI phase (t=70ms) because of 
the integration effect as shown in Fig. 2(d). 
10 
]' 0 
N 
-10 
o 
T:(kcV) 
0.5 1.0 1.5 
80 R(cm) 100 120 
Fig. 1 Two-dimensional profiles of electron temperature. 
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Fig. 2 (a) (b) (c) Comparison of measured x-ray spectra 
with the thermal continuum of the x-ray estimated from 
temperature and density profiles measured with YAG 
Thomson scattering in three different radii of R=80.9cm, 
R=93.2cm and R= 104.1 em, respectively, for the NBI 
(t=40-160ms)+ECH (t=60-100ms) plasma with B=O.9T. 
(d) Comparison of the apparent electron temperature 
profiles measured with soft x-ray CCO camera at z=-2mm 
with that measured by Thomson scattering at 70ms. 
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